capillaries and proximal convoluted tubules was used to study the effect of varying transepithelial ionic gradients on ionic fluxes. Results show that net sodium flux and volume flux ~8s one-third of normal when bicarbonate was absent, no chloride gradient existed, and glucose and amino acids were absent. Addition of bicarbonate to the luminal fluid did not restore the flux to normal, but peritubular bicarbonate did restore it. A chloride gradient imposed when no bicarbonate was present could only increase the fluxes slightly, but this flux was significant even after cyanide had poisoned active transport.
Reversing the chloride concentration gradient decreased the net sodium and volume fluxes whether bicarbonate was present or not. Glucose had no effect on fluxes, but substitution of Na by choline abolished them entirely. It is concluded that sodium is actively transported, that a chloride concentration gradient from lumen to plasma could account for up to 20y0 of net transport, and that peritubular bicarbonate is necessary for normal rates of sodium and fluid absorption.
proximal fluid transport; effect of bicarbonate on sodium transport; chloride gradients; continuous tubular perfusion Fig. 2 ). Although the rate of fluid reabsorption is significantly reduced in this experimental condition-series a plus the series with similar perfusates from another paper (9)-the rate of reabsorption is a direct function of length (P < 0.001) and the intercept is not significantly different from zero. Hence, it appears safe to conclude that the tubular length does not affect fluid reabsorption rate, and differences between series are not due to differences in length of tubule perfused.
Sodium. The mean sodium concentrations in the collected tubular perfusate are summarized in Table  2 which also provides information on changes in sodium concentrations from that of the fluid perfused as calculated for a standard l-mm length of tubule, assuming that alterations of ion concentrations are linearly related to length. There were some small changes in sodium concentrations, but we do not believe that they have physiological significance. A summary of net reabsorptive sodium fluxes is presented in Table  3 and Fig. 3 1211 fluid are presented in Table 3 and on the whole they vary in the different experimental conditions in a similar direction to the sodium fluxes. FLowever, since volume flux measurements involve only the measurement of perfusion rate and inulin concentrations, as opposed to sodium fluxes which in addition require sodium concentration measurements, the standard errors of the volume flux measurements tend to be smaller, and hence there were more significant differences than in the series of sodium flux measurements.
or when 25 mM acetate were substituted for 25 mM chloride (series 2). Table  3 , and also shown in Figs. 3-6 , varied with the perfusion fluids used and were not always dependent on the corresponding sodium fluxes. When bicarbonate-Ringer was used in both capillaries and tubules (series c), the net flux of chloride was 332 peq . min-l *mm tubule-l.
This was not significantly different from the flux when glucose was present (series h) nor from series k in which the solutions used were identical to those in series c and the rate of net chloride flux was 300 ~fi 12 peq l min-' 'mm tubule-i.
When bicarbonate was substituted by acetate (series u), the chloride flux fell to about 30 %'(I, a highly significant decrease. There was no significant change between series cd and b, i.e., when phosphate-Ringer was used in both capillaries and tubules or when bicarbonate-Ringer was used to perfuse the tubules and phosphate-Ringer to perfuse the capillaries (series b), even though the chloride concentration in the collected perfusate rose by 7.01 meq liter-l *mm tubule-'. When a transepithelial chloride concentration gradient from the tubule to the capillary was established during perfusion with phosphate-Ringer in tubules and capillaries, the net chloride flux increased to 330 peq emin-' *mm tubule-', a large increase compared to the results of phosphate perfusion experiments in which no chloride gradient was initially present. It is of interest that in this condition net chloride reabsorption exceeds that of sodium (see Table 3 ). It is clear that in the absence of any other cationic reabsorption the excess of anionic over cationic charge must be matched by an influx of another anion species into the tubular lumen. It is virtually certain that acetate enters the lumen under these conditions down a chemical potential gradient, since the concentration of acetate in the peritubular perfusion fluid significantly exceeded that in the lumen. It can also be seen that in series e, a condition in which the proximal tubule was poisoned with cyanide and a concentration gradient of chloride from lumen to peritubular perfusion fluid was maintained, reabsorptive net chloride flux was still maintained at a level significantly different from zero.
With an adverse chloride concentration gradient from capillary to tubule, the net chloride flux was reduced to levels not significantly different from zero, both in perfusion experiments in which phosphate-Ringer (series f) or bicarbonate-Ringer (series g) was used. Since under both experimental conditions a significant fraction of sodium transport continued, it is clear that this remaining sodium movement was not primarily coupled to chloride transfer. The low value of net chloride reabsorption compared to the well-maintained level of net sodium reabsorption when phosphate-acetate-bicarbonate-Ringer was used to perfuse both tubules and capillaries (series z') occurred because this perfusion solution had a lower chloride concentration.
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The chloride flux, statistically significantly lower than that observed during perfusion with bicarbonate-Ringer (series c and k) and glucose-bicarbonate-Ringer (series h), was no doubt supplemented by significant net reabsorption movement of phosphate, acetate, and bicarbonate ions to maintain electroneutrality.
In choline chloride-perfused tubules and capillaries, there was no significant net movement of chloride ions. Potassium.
Potassium concentrations were maintained quite constant at levels slightly below that of the original perfusion fluid. When the normalized difference from the perfusate was calculated at 1 mm length, only in two series (series f and i) were there significant changes in potassium concentration, and then only at the 5 % level. With the exception of series cl, all reabsorptive net potassium fluxes were significantly greater than zero, but the differences between individual series of experiments were not striking.
Phosphate. A series of experiments (series k) was also performed with bicarbonate-Ringer perfusing both the tubular lumen and the peritubular capillaries in which 32P-labeled disodium phosphate was added to both perfusion fluids. The observed phosphate movement was probably the maximum that could occur, and in many of the experimental perfusions the net phosphate flux could well be less. Indeed, it is almost certain to be less in those conditions in which the observed volume flow rates were decreased.
DISCUSSION
The object of the present series of investigations was to reassess the mechanism of proximal tubule fluid reabsorption and, in particular, define the importance of some ionic requirements and their interrelationship in maintaining optimal levels of this important proximal tubular transport operation.
We believe that the results are in support of a cell model in which active sodium transport plays a key role in determining proximal tubular fluid movement but in which both bicarbonate ions and the transepithelial chloride concentration difference constitute significant modulating factors. Since it was intended to investigate these factors and their effects on tubular ion transfer, it was necessary to use a perfusion medium in which none of them was operative and yet was reasonably physiological. We attempted to accomplish this by devising a solution devoid of bicarbonate but in which the buffering capacity was well maintained by the presence of phosphate buffers. Our effort to test the effects of bicarbonate alone, without a concomitant alteration in chloride ion concentration, led us to substitute bicarbonate by a relatively nonstimulating anion, and acetate was chosen (27, 28) . This notion was confirmed. When acetate was substituted for chloride, it had no appreciable effect on the net flux of sodium, and the decrease in chloride net flux was proportional to the decrease in chloride concentration. This is taken to indicate that under the present experimental conditions acetate has no significant effects on proximal tubular sodium and fluid transport.
Because phosphate was chosen as the major buffer, it appeared essential to test how much phosphate was reabsorbed and whether this type of ion movement could make a significant contribution to the total amount transferred across the proximal tubular epithelium.
In previous experiments (1, 25, 26) In conclusion, these experiments have provided additional evidence that active sodium transport provides the main driving force for proximal sodium and fluid transport. This conclusion is based on I) the complete suppression of fluid and sodium transport by metabolic inhibition, 2) the inability of the lumen-to-plasma chloride concentration gradient to sustain in the absence of active sodium transport all but a moderate fraction of net sodium and fluid movement, and 3) the maintenance of significant, albeit reduced rates of sodium transport in the presence of a plasma-tolumen concentration gradient of chloride ions. Nevertheless, the nature of the anion associated with sodium transport is an important regulatory factor. An unfavorable uphill chloride gradient reduces sodium reabsorption and at the same time shifts the anionic charge reabsorbed with sodium to bicarbonate (9). Inasmuch as the transport of the latter is mediated by hydrogen ion secretion, sodium reabsorption is also coupled operationally to hydrogen ion secretion. The effects of bicarbonate in supporting proximal tubular sodium transport can, in part, be accounted for by its effect on reabsorption by bulk flow and by its role in elevating the luminal chloride reabsorption. In addition, it appears to have a rather specific effect on sodium transport which depends on its peritubular presence and which may be related to its properties as permeant buffer species. Some aspects of thi" 'c latter mechanism of action are explored in another paper from this laboratory (9). 
